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present to the emergency department (ED) with acute chest
pain [1]. Early triage is essential for both prognosis and
treatment; however, current management methods do not
effectively assess those patients in whom initial cardiac
biomarkers and electrocardiogram (ECG) changes are
inconclusive. Although 80% of patients admitted to the
hospital undergo extensive testing, which often prove
noncardiac causes of chest pain, 2%-8% of discharged
patients inadvertently have acute coronary syndrome
(ACS) [2].
At the same time, it is important to note that chest pain
may result from a broad range of etiologies, including
cardiac, pulmonary, musculoskeletal, and psychological
origins. As such, a thorough history and physical examina-
tion of the patient should be undertaken to narrow the
differential diagnosis before imaging is requested. In this
way, clinicians may be able to arrive at a diagnosis without
the need for unnecessary imaging studies.
Recent advances in multidetector computed tomography
(MDCT) and the advent of the triple-rule-out (TRO) protocol
provide noninvasive visualization of coronary and/or
pulmonary arteries, thoracic aorta, and the other intrathoracic
structures. By evaluating both coronary and noncoronary
disease, the TRO scan provides a cost-effective diagnostic
study for acute chest pain [3]. The aim of this article is to
provide an overview of the imaging modalities used in the
evaluation of patients presenting with acute chest pain, with
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Traditionally, the initial assessment in the ED entails
a thorough history, physical examination, and ECG, as well
as measurement of cardiac biomarkers. However, up to 28%
of patients present with atypical chest pain or delayed find-
ings [4], which limit the sensitivity of traditional assess-
ments. Up to 20% of patients with ACS have atypical or
nonexistent chest pain, and up to 10% of patients initially
diagnosed with an myocardial infarction are later found to
have normal or nonspecific ECG findings [4]. Moreover, the
measurement of troponin has high specificity but low
sensitivity for an ACS in the initial hours of presentation.
Due to these diagnostic errors, the American College of
Cardiology (ACC) and American Heart Association (AHA)
have published guidelines on risk stratification for patients
with ACS. Patients in the first category (low risk) and second
category (high risk) pose no major difficulty to diagnosis and
treat [5]. However, patients in the third category (interme-
diate risk) are more difficult to triage [5]. This group consists
of patients often in their fourth through sixth decade of life,
with findings that tend to be indeterminate, nonspecific, or
atypical, with few if any risk factors. Imaging has the
greatest potential for risk stratification and clinical decision
making in this challenging category.Standard Diagnostic Testing
Current AHA-ACC guidelines recommend a multimodal
approach to diagnostic testing [5]. For early triage, functional
tests are of limited value because of the requirement for
serial negative biomarkers, the specific expertise of
personnel, and the frequency of nondiagnostic tests [1]. TheInc on behalf of Canadian Association of Radiologists. All rights reserved.
276 K. Lee et al. / Canadian Association of Radiologists Journal 63 (2012) 275e279indications, advantages, and disadvantages for the current
diagnostic tests used in the ED to triage patients with chest
pain are described in Table 1 [1,4,6e9]. A TRO scan per-
formed for atypical chest pain with normal ECG is demon-
strated in Figure 1.
MDCT
Although the aforementioned modalities provide valuable
information for risk stratification, the diagnostic accuracy for
chest pain is limited. Recent advances in MDCT, rapid scan
times of less than 5-10 seconds, excellent temporal and
spatial resolution, simple handling of large data sets, and
easy postprocessing capabilities, make MDCT an attractive
modality for triaging patients with chest pain, with an
intermediate probability of coronary artery disease (CAD)
[1]. According to White and Kuo [4], initial evaluation withTable 1
Indications, advantages, and disadvantages of current diagnostic testing for ches
Modality Indications A
Radiography First imaging of choice in initial
chest pain workup
C
q
p
r
MR Intermediate probability with
uninterpretable ECG; unable to
exercise; coronary angiography with
stenosis of unclear significance
U
a
v
t
o
d
i
c
Exercise stress test Initial evaluation of patients with
known or suspected CAD; in patients
previously evaluated, presenting with
new significant clinical changes;
low-risk unstable angina patients,
with 8-12 h symptom-free period
after initial presentation;
intermediate-risk unstable angina
patients, with 2-3 d of symptom-free
period after initial presentation
U
p
t
w
s
7
m
Echocardiogram Used as a screening test to evaluate
cardiac function; in patients with
potential ACS when baseline ECG
and cardiac biomarkers are
nondiagnostic; in patients with
suspected complications of
myocardial ischemia and/or MI;
evaluation of chest pain with
suspected aortic dissection
S
p
8
d
i
c
p
c
p
Radionucleotide studies Patients with high pretest probability
of CAD; intermediate- and low-risk
patients with nondiagnostic ECG or
unable to exercise; intermediate-risk
patients with interpretable ECG and
able to exercise
R
a
>
i
s
ACS ¼ acute coronary syndrome; CAD ¼ coronary artery disease; ECG ¼ el
SPECT ¼ single photon emission computed topography.
a From Refs. 1, 4, 6e9.MDCT reduces diagnostic times by 11.6 hours compared
with traditional diagnostic testing (3.4 hours vs 15 hours). In
addition, the average cost per patient is significantly reduced,
and patients require fewer subsequent evaluations for recur-
rent chest pain [3,4]. Sensitivity and specificity of ECG-
gated 64-section CT angiography for significant coronary
artery stenosis (>50% diameter reduction) are 86%-100%
and 92%-98%, respectively [3]. Data can be acquired by
scanning dedicated to coronary arteries or, alternatively, with
the TRO protocol, scanning the whole chest. The utility of
MDCT in making a diagnosis in patients presenting to the
ED with atypical chest pain is demonstrated in Figures 2-4.
Dedicated Coronary CT
A dedicated coronary CT angiogram (CTA) performed
by the newest MDCT scanners provides high-qualityt paina
dvantages Disadvantages
heap and readily available; able to
uickly exclude other causes of chest
ain (eg, pneumonia, pneumothorax,
ib fracture)
Low diagnostic yield for many
causes of chest pain, including ACS,
pulmonary embolism, and aortic
dissection
seful in evaluating cardiac structure
nd function as well as myocardial
iability; noninvasive imaging
echnique without ionizing radiation
r the need for contrast; useful in
iagnosing a variety of conditions,
ncluding myocardial, valvular, and
ongenital defects
Long scan times and costs; not useful
in an acute setting; not used in
patients with implanted devices or
claustrophobia
seful screening tool in detecting
atients with CAD; cheap and easy
o perform; useful only in patients
ith low to intermediate risk with
ensitivity and specificity of 68% and
7%; no radiation required with
inimal risks
Not indicated in acute settings;
unable to perform in patients with
marked ECG changes at rest,
electronically paced, or ST
depression greater than 1 mm
imple, noninvasive, and cheap to
erform; sensitivity and specificity of
4% and 88%, respectively, for
etecting cause of chest pain; useful
n patients with chest pain and
linical evidence of valvular,
ericardial, or myocardial disease;
an diagnose aortic dissection,
ericarditis, and chest-wall trauma
High false-negative rate in patients
with small MIs or unstable angina; is
operator dependent and requires
experienced echocardiographer or
interpretation
eported sensitivities of 87%-89%
nd specificities of 73%-75% for
50% stenosis if SPECT is used;
ncreases diagnostic accuracy of
tress testing
Low predictive value in patients with
resolution of chest pain, small areas
of infarction, and prior MI; cannot
assess other causes of chest pain
ectrocardiogram; MI ¼ myocardial infarction; MR ¼ magnetic resonance;
Figure 1. Triple rule-out scan performed for atypical chest pain with normal
electrocardiogram and troponins, and Wells score reveals pulmonary
embolism. (A) Coronal 1-mm maximum intensity projection image, showing
thrombus in the right main pulmonary artery, right ascending pulmonary
branch, and right descending interlobar pulmonary artery (yellow arrow). (B)
The axial 4-chamber view, revealing right heart strain with straightening of
the interventricular septum and an enlarged right ventricle (white arrows) in
addition to significant bilateral pulmonary emboli (yellow arrow). This
figure is available in colour online at http://carjonline.org/.
Figure 2. Axial multidetector computed tomography, showing a superior
mediastinal mass with pericardial effusion (arrows) in a patient who pre-
sented to the emergency department with chest pain and tachycardia (A, B).
The coronary arteries and pulmonary trunk were normal. This patient was
diagnosed with lymphoma.
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visualization of other structures that may be the culprit
for the chest pain [4].
TRO Protocol
A 64-MDCT now enables combined imaging of the
coronary and/or pulmonary arteries and the thoracic aorta
[3], which provides a tool to rule out a broader spectrum ofpotentially life-threatening causes of chest pain, including
pulmonary embolism, aortic dissection, and coronary artery
disease. In low-to-intermediate risk patients whose diagnosis
and management is indeterminate, the TRO protocol can be
used to rapidly rule out ACS as well as to evaluate for other
causes of chest pain [3].
The design of an algorithm for a single acquisition that
yields the most useful diagnostic information is a balance
between a dedicated coronary CT angiography (ECG-gated,
restricted field of view, and limited cephalocaudal
coverage), and a chest CT protocol used for noncoronary
causes of chest pain (non-ECG gated, larger field of view,
and greater longitudinal coverage) [4]. Principal
Figure 3. The patient, initially presenting with atypical chest pain, normal
troponins, and normal electrocardiogram. Initial axial multidetector
computed tomography (A), showing a critical proximal left anterior
descending coronary artery stenosis and then confirmed on the immediate
follow-up catheter angiogram (B) (arrows).
Figure 4. The patient presenting with atypical chest pain, with normal
electrocardiogram and normal troponins. Axial multidetector computed
tomography (A) showed complete occlusion on of the mid right coronary
artery (arrow), which was confirmed on the follow-up catheter angiogram
(B, arrow).
Table 2
TRO patient selection parametersa
 TRO patient selection
 Low to intermediate risk of ACS
 Consideration of non-ACS causes of chest pain
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optimal visualization of the coronary arteries and the higher
dose of radiation [4]. Patient selection, scan parameters, and
contrast infusion rates of the TRO protocol at our institution
are shown in Tables 2-4 [3,10]. Nondiagnostic ECG and cardiac biomarkers
 Patient stable enough for CT and able to hold breath
 Not recommended in patients with renal failure or with bypass and stents
 Cardiac rhythm acceptable to ECG-gated scan
 No evidence to suggest extensive coronary calcium
ACS ¼ acute coronary syndrome; CT ¼ computed tomography; ECG ¼
electrocardiogram; TRO ¼ triple-rule-out.
a From Ref. 3.Low-Dose MDCT Protocol
High spatial and temporal resolution required for accurate
assessment of coronary artery stenosis translates into an
increased radiation dose. A balance between optimal dose
savings and diagnostic image quality must be obtained [1].The most effective way to reduce radiation dose is through
ECG-dependent modulation of the tube current, because
images are primarily obtained during diastole (least amount
of coronary artery motion), whereas tube current is reduced
by 80% during systole [1]. Compared with a typical coro-
nary CTA, the use of this algorithm reduces the overall
Table 3
TRO scan parameters for dual-source CT (definition) scanner according to
weight and BMIa
Scan parameters
>85 kg or
BMI > 30 kg/m2
<85 kg or
BMI < 30 kg/m2
kV 120 100
Reference mAs
(Care Dose 4D on)
300 200
Rotation time Flex 0.28 s Flex 0.28 s
Collimation 128  0.6 mm 128  0.6 mm
ECG pulsing plus phase
scan range
65%-75% 65%-75%
Dose may vary with high
heart rates depending on
ECG pulsing scan range
5 mSv 2.5-3 mSv
Kernel 1 (chest) B31 (1  0.7 mm) B31 (1  0.7 mm)
Kernel (chest) B70 (1  0.7 mm) B70 (1  0.7 mm)
Kernel 3 (chest) B26 (0.6  0.3 mm) B26 (0.6  0.3 mm)
Coronal MIP (chest) B31 (3  1.5 mm) B31 (3  1.5 mm)
BMI ¼ body mass index; CT ¼ computed tomography; ECG ¼ electro-
cardiogram; MIP ¼ maximum intensity projection; TRO ¼ triple-rule-out.
a From Ref. 10.
Table 4
TRO contrast administration protocola
Intravenous contrast administration
1st phase 100% contrast; 80 mL @ 5 mL/s
2nd phase 50% contrast/50% saline solution; 50 mL @ 5 mL/s
3rd phase 5 mL/s saline solution chaser
Bolus triggering On
ROI Left atrium
Trigger level 120 HU
Delay Maximum 5 s after trigger
ROI ¼ region of interest; TRO ¼ triple-rule-out.
a From Ref. 10.
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ation include changing scanning protocols according to body
habitus of patients (>85 kg or body mass index > 30 kg/m2
by using 120 kV and 350 reference mAs and in patients
<85 kg or body mass index < 30 kg/m2 by using 100 kVand
250 reference mAs) reduce doses up to 50% by using high
pitch values such as 3.2 on new scanners because pitch is
inversely related to dose in cardiac imaging, and modulating
the tube current for the whole chest in TRO scan (see Table 3
for parameters).Conclusion
MDCT provides an excellent means of noninvasively
triaging patients with acute chest pain with a low-to-
intermediate risk of ACS. The TRO protocol can be
a powerful means for evaluating patients with acute atypical
chest pain by ascertaining a cause for the chest pain, which
results in better patient management and can lead to
improved patient outcomes. Overall, when compared with
conventional management of acute chest pain, the TRO
strategy can reduce the time for patient triage, number of
unnecessary diagnostic tests, and ED costs. The major
limitations for wide-spread acceptance of this test include
increased radiation exposure and motion artifacts, and its
suboptimal imaging with increased body mass index [11].However, by using the low-dose TRO, radiation exposure can
be significantly reduced, from 20 to 25 mSv down to 4 to
5 mSv, a 4-fold reduction in dose [9].
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